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(54) Title: OPEN MR SYSTEM PROVIDED WITH TRANSMISSION RF COE. ARRAYS 
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2 (57) Abstract: The invention relates to an open MR system in which die magnetic RF field is to be adjusted at will in rcspect of 
field profile. 'ITiis is achieved in accordance with the invention by providing an RF coil system for the transmission and/or reception 

Q of RF signals, which RF coil system includes two RF coil arrays which are arranged on opposite sides of the examination zone, each 
RF coil array including at least two RF coils which are decoupled from one another and are connected to a respective channel of a 

^ transmit/receive unit. The invention also relates to a corresponding planar Rh' coil array. 



wo 03/107027 Al lillilliliiliiiilllilUllililiU 



For two-letter codes and other abbreviations, refer to the "Guid'- 

ance Notes on Codes and A hbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 03/107027 

MR system provided with RF coil arrays 



1 



PCT/IB03/02210 



The invention relates to a magnetic resonance system (MR system) for MR 
imaging as well as to an RF coil array for an RF coil system of such an MR system, notably 
for an open MR system. 



5 

An open MR system of this kind is known from EP 1 059 539 A2. The cited 
docinnent describes a whole-body RF coil system which includes a first and a second RF coil 
array which are arranged on opposite sides of the examination zone so as to be phase shifted 
90^ relative to one another. In order to generate a rotating Bj magnetic field in the 

10 examination zone, the RF coil arrays operate with a network in which a fixed phase 

relationship exists between the individual orthogonally arranged sub-coils of the RF coil 
arrays. The two RF coil anays thus are hard-wired to one another and operate with a fixed 
amplitude and phase relationship. 

In open MR systems of this kind, involving a steady main magnetic field in the 

15 vertical direction, it is in principle necessary for the RF coil system to generate a 

homogeneous RF magnetic field which is oriented orthogonally to the steady main magnetic 
field. A number of different RF coil systems has been proposed for this purpose; like the RF 
coil system described in the cited EP 1 059 539 A2, such systems are capable of generating a 
rotating RF magnetic field. The object of such RF coil systems invariably was the generation 

20 of an RF magnetic field having the highest possible homogeneity in the examination zone. 
RF coil systems of this kind, however, are not particularly suitable for techniques used for 
special MR imaging methods such as, for example, the SENSE method, because the 
homogeneity of the RF magnetic field is predefined and fixed and cannot be interactively 
modified and controlled during an MR data acquisition or between MR data acquisitions. 



Therefore, it is an object of the present invention to provide an MR system as 
well as an RF coil array for an RF coil system of an MR system which enable variation and 



CONFIRMATION COPY 
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control of the RF field, possibly in respect of time as well as position, during an MR data 
acquisition. 

This object is achieved in accordance with the invention by means of an MR 
system as disclosed in claim 1 which includes: 
5 - an open main field magnet with two main field magnet poles which are 

arranged on opposite sides of an examination zone and serve to generate a magnetic main 
field; 

a gradient coil system with a plurality of gradient coils for generating 
magnetic gradient fields; 

10 - an RF coil system for transmitting and/or receiving RF signals with two planar 

RF coil arrays which are situated on opposite sides of the examination zone, each RF coil 
array including at least two RF coils which are decoupled from one another and are 
connected to a respective channel of a transmit/receive unit; 

a transmit/receive unit which includes a respective channel for an RF coil of 

15 the RF coil system, each RF coil being separately controllable in the transmission mode; 
a control unit for controlling the MR imaging; and 
a processing unit for processing received MR signals. 
A corresponding planar RF coil array for an RF coil system of such an MR 
system is disclosed in claim 9. 

20 The invention is based on the idea to refrain from hard-wiring the individual 

RF coils of the RF coil arrays to one another and from operating the coil arrays with a fixed 
amplitude and phase relationship, and to connect each RF coil to a separate channel of a 
transmit/receive unit instead, thus enabling separate control of each RF coil. Each RF coil can 
thus be supplied with a separate excitation pulse (in the transmission mode) and the MR 

25 signal received by each RF coil (in the receiving mode) can be separately evaluated. Each RF 
coil array includes at least two of such RF coils which are each time decoupled from one 
another, the RF coil arrays being constructed so as to be planar and being arranged on 
opposite sides of the examination zone. 

In a preferred embodiment the RF coil arrays themselves are also decoupled 

30 firom one another. This is necessary in particular for embodiments of the RF coil arrays as 
disclosed in the claims 4 and 6. In conformity with these preferred embodiments the RF coils 
are formed either by planar resonant conductors or by butterfly coils. In other embodiments, 
for example, the preferred embodiment disclosed in claim 5 in which the RF coils are formed 
by surface antennas, notably rectangular surface antennas, such decoupling of the RF coil 
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arrays from one another can be dispensed with, notably when the individual surface antennas 
have a small surface area only. 

Various possibilities exist for the decoupling of the individual RF coils from 
one another. Preferred and simple steps are disclosed in claim 3. 
5 As is disclosed in claim 7, the RF coils of an RF coil array can be arranged 

either on a single board or on two boards; in the latter case the means for decoupling the 
individual RF coils from one another are also integrated in the RF coil array, for example, in 
that the RF coils are accommodated on a first board and the decoupling means are 
accommodated on a second board, 

10 In order to enable the generation of a rotating RF magnetic field by means of 

the MR system in accordance with the present invention, which field can be adjusted at will 
in all three spatial directions, the invention is advantageously suitable for use in conjunction 
with novel MR imaging methods, notably for improved and fast MR imaging methods. For 
example, the invention can be used when active RF control is required, in MR imaging in 

1 5 conformity with the SENSE method, when a local pre-saturation is required or in the case of 
feedback control of the RF homogeneity on the basis of mechanical changes during an MR 
data acquisition. In respect of the SENSE method reference is made to the publication by K. 
Priissmann "SENSE: Sensitivity Encoding for Fast MRI", Magnetic Resonance in Medicine 
42:952-962 (1999) in which this method is described in detail. The SENSE method for 

20 transmitting signals is described in ISMRM 2002, Hawai, Honolulu, p. 1 89, "Theory and 
experimental verification of transmit SENSE", Transmit SENSE utilizes time-dependent 
waveforms and spatial sensitivities so as to shorten multidimensional RF pulses. 

25 The invention will be described in detail hereinafter with reference to the 

drawings. Therein: 

Fig. 1 is a diagrammatic representation of an MR system in accordance with 

the invention; 

Fig. 2 shows a first embodiment of an RF coil array in accordance with the 

30 invention; 

Fig. 3 shows a second embodiment of an RF coil array in accordance with the 

invention; 

Fig. 4 shows a single surface anterma of the RF coil array in accordance with 

Fig. 3; 
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Fig, 5 shows a third embodiment of an RF coil array in accordance with the 

invention; 

Fig. 6 shows a single RF coil of an RF coil array as shown in Fig. 5; 

Figs. 7a, b show a fourth embodiment of an RF coil array in accordance with 

5 the invention; 

Figs. 8a, b show two embodiments for the decoupling of two coils; and 
Figs. 9a to e show further possibilities for the decoupling of coils. 



10 Fig. 1 is a diagrammatic representation of an MR system in accordance with 

the invention for the formation of MR images of the part of the patient 1 which is situated in 
an examination zone. The patient 1 is arranged in an open space 2 between two main field 
magnet poles 3, 4 of a main field magnet. The main field magnet also includes a first and a 
second equalization plate 5, 6 which generate, in conjunction with the main field magnet 

1 5 poles 3, 4, a homogeneous steady magnetic field Bo in the examination zone between the 
main field magnet poles 3, 4, that is in the vertical direction in the drawing. There is also 
provided a gradient coil system 7, 8 which includes a plurality of gradient coils for generating 
magnetic gradient fields in the examination zone. An RF coil system with two RF coil arrays 
9, 10 is provided in order to generate a magnetic RF field Bj in a direction which is 

20 essentially perpendicular to the steady main magnetic field Bq. Each of said RF coil arrays 9, 
10 includes at least two RF coils which can act both as transmit coils for the excitation of the 
examination zone and as receive coils for the reception of MR signals from the examination 
zone. RF shields 11,12 between the neighboring RF coil arrays 9, 10 and the neighboring 
gradient coils 7, 8 on the other side prevent the coupling in of the magnetic RF field Bi into 

25 the gradient coils 7, 8. 

A transmit/receive unit 13 is provided for the control of the individual RF coils 
of the RF coil arrays 9, 10 in the transmit mode or for the reception of the MR signals 
received by the individual RF coils. The transmit/receive unit 13 comprises n tremsmit 
channels which can be controlled independently of one another in order to control the phase, 

30 amplitude and waveform of the excitation signal. Moreover, n receive channels which are 
independent of one another are provided for the reception of MR signals. The processing of 
received MR signals and the generating of desired MR images are performed by a processing 
unit 14. The transmit/receive unit 13, the processing unit 14 and the various coil systems, 
coupled to one another via and mounted on a support 16, are controlled by means of a control 
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unit 15. Further details of the basic construction of such an MR system as well as the 
principle of operation of such a system are generally known and, therefore, need not be 
further elaborated herein. 

In the embodiment of the MR system in accordance with the invention as 
5 shown, each RF coil array 9, 10 includes at least two RF coils which are decoupled from one 
another. Each of these coils is separately connected, via a separate channel 17, to the 
transmit/receive unit 13 (generally speaking, an n-channel spectrometer) and can thus be 
separately controlled. In the embodiment shown, four channels 17 are provided for each RF 
coil array 9, 10, so that each RF coil array may include four RF coils. Moreover, the RF coil 
10 arrays 9, 10 are decoupled from one another by decoupling leads 18. Using such a design, the 
homogeneity of the RF field Bi can be optimally controlled in ail three spatial directions 
during the MR data acquisition and the excitation, thus enablmg various applications such as, 
for example, qaudrature-homogeneous, quadrature-synergy/SENSE, transmit/receive 
SENSE. 

1 5 Fig. 2 shows a first embodiment of an RF coil array in accordance with the 

invention which is suitable for use in an MR system as shown in Fig. 1 . This planar antenna 
array has a number of strip antennas 20, 21, the ends of each of which are grounded by means 
of capacitances C. In the embodiment shown, each time three strip antennas 20 are provided 
so as to extend horizontally in the plane of drawing and also three strip antennas 21 are 

20 provided so as to extend perpendicularly thereto. For the magnetic decoupling of the 

individual strip antennas 20, 21 from one another, respective decoupling capacitances Ck are 
provided each time between the ends of two neighboring strip antennas. 

Fig. 3 shows a fiirther embodiment of an RF array in accordance with the 
invention. This planar RF array includes a number of individual planar surface antennas 30 

25 which are arranged in the form of a grid, for example, on a single board, for example, on a 
PCB substrate. In order to decouple the individual surface antennas 30 from one another, 
decoupling capacitors Ck are again provided, notably in the manner shown in Fig. 3. The 
intrinsic magnetic coupling between the surface antennas 30 can thus be suppressed by 
calculation of the matrix elements My and by utilizing suitable capacitance values for these 

30 decoupling capacitances Ck- Because the surface areas of the individual surface antennas 30 
are comparatively small, however, no decoupling is required between an upper and a lower 
RF coil array when such RF coil arrays are used in the MR system shown in Fig. 1 , 

The connection points of the individual surface antennas 30 to the respective 
associated channel of the transmission/receive unit are denoted by the references 31 to 39 in 
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Fig. 3. Fig. 4 is a more detailed representation of a single surface coil which is suitable for 
use in the RP coil array shown in Fig. 3. This surface coil comprises a decoupling 
capacitance Ck which is connected to ground at each end and via which it can be connected 
to further surface coils 30. Moreover, two inputs A, B are provided for coupling to the 
5 transmit/receive unit so as to generate a circular rotary field. 

Fig. 5 is a diagrammatic representation of a third embodiment of an RF coil 
array in accordance with the invention. It includes a number of butterfly coils 40 which are 
arranged in the form of a grid and hence form a two-dimensional grid. In the present case 
there are provided 16 butterfly coils so that also 16 channels of the transmit/receive unit must 

10 be provided for such an RF coil array. Fig. 6 shows a single butterfly coil 40. This coil again 
includes two inputs A, B for different control, that is for control with a different amplitude, 
phase and/or waveform in the transmission mode. 

Each of the Figs. 7a, b shows an embodiment of an RF coil system in 
accordance with the invention, each of which has a two-layer design. Fig. 7a shows an RF 

1 5 coil array with three RF coils 50, 5 1 , 52 which are decoupled by way of each time two 

decoupling capacitances Ck relative to ground. The coupling in or out of signals is performed 
on the three inputs INI a, IN2a, IN3a. Fig. 7b shows a similar RF coil array with three RF 
coils 53, 54, 55, said RF coils 53, 54, 55, however, being rotated through 90^ in the plane of 
drawing. The coupling in and out of signals is then performed via the connections IN lb, 

20 IN2b, IN3b. The RF coil array shown in Fig, 7a can be used, for example, as the upper RF 
coil anay (9 in Fig. 1) and the RF coil array shown in Fig. 7b can be used as the lower RF 
coil anay (10 in Fig. 1). The superposed RF fields of these RF coil arrays then produce a 
rotating RF component which can be formed at will in all three spatial directions. 

Fig. 8 shows two possibilities for the decoupling of two coils. Fig. 8a shows 

25 two coils 60, 6 1 , or their equivalent diagrams, consisting of a resistance R, a capacitance C 
and an ideal coil L, which components arc coupled to one another via the coupling factor M. 
For the decoupling of the coils 60, 61 from one another there is provided a transformer T 
whose windings Tl and T2 have an opposed winding sense and hence decouple the coils 
from one another. 

30 As an alternative, in Fig. 8b a decoupling capacitor Ck is provided for the 

decoupling of the two coils 60, 61, the value of said capacitance being such that the following 
holds: 1/(g)Ck)=coM. 

Fig. 9 shows further possibilities for the decoupling which are suitable in 
particular for the decoupling of the individual RF coils within an RF coil array. Fig. 9a shows 
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an RF cable 70 in the form of a coaxial cable having a length X/2, the coils to be decoupled 
being connected to the end thereof Fig. 9b shows two RF cables 71, 72, each having a length 
Xy4, wherebetween a coil L is connected to ground. Fig. 9c shows two RF cables 73, 74 of 
different length wherebetween an impedance transformation circuit 75 is provided. Fig. 9d 
shows an RF cable of the length 76, to the end of which there is connected an impedance 
transformation circuit 77. Fig. 9e shows the decoupling by means of a transformer 78. It is to 
be noted that the decoupling possibilities shown in the Figs. 8 and 9 represent preferred 
embodiments and that in principle other possibilities can also be used for the decoupling of 
individual RF coils from one another or of the RF coil arrays from one another. 

In accordance with the invention it is also feasible to use an MR RF amplifier 
which preferably comprises n inputs and n outputs in a common rack. Furthermore, 
circulators can be provided each time between the coils and the amplifiers in order to 
suppress reverse effects on the amplifiers. 

In accordance with the invention it is thus achieved that the magnetic RF field 
Bi can be adjusted at will in respect of field profile, that is, also during the MR data 
acquisition. Novel methods and techniques for MR imaging can thus be carried out by means 
of the MR system in accordance with the invention. 
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1 . An MR system for MR imaging, including: 

an open main field magnet with two main field magnet poles which are 
arranged on opposite sides of an ex£miination zone in order to generate a magnetic main field; 

a gradient coil system with a plurality of gradient coils for generating 
5 magnetic gradient fields; 

an RF coil system for transmitting and/or receiving RF signals with two planar 
RF coil arrays which are situated on opposite sides of the examination zone, each RF coil 
array including at least two RF coils which are decoupled from one another and are 
connected to a respective channel of a transmit/receive unit; 
1 0 - a transmit/receive xmit which includes a respective channel for an RF coil of 

the RF coil system, each RF coil being separately controllable in the transmission mode; 

a control unit for controlling the MR imaging; and 

a processing unit for processing received MR signals. 



15 2. An MR system as claimed in claim 1 , characterized m that the two RF coil 

arrays are decoupled from one another. 

3. An MR system as claimed in claim 1 , characterized in that RF cables, notably 
of the length %I2 or UA, capacitances, impedance circuits and/or transformers are provided 

20 for the decoupling of the individual RF coils of the respective RF coil array. 

4. An MR system as claimed in claim 1 , characterized in that the RF coils are 
formed by planar resonant conductors and that the RF coil arrays include a plurality of 
mutually perpendicularly arranged strips. 



25 



5. An MR system as claimed in claim 1 , characterized in that the RF coils are 

formed by surface antermas, notably rectangular surface antennas. 
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6. An MR system as claimed in claim 1 , characterized in that the RF coils are 
formed by butterfly coils. 

7. An MR system as claimed in claim 1 , characterized in that the RF coils of 

5 each time one RF coil array are arranged on a single board or on two boards, the means for 
the decoupling of the individual RF coils then being integrated. 

8. An MR system as claimed in claim 1 , characterized in that the control unit is 
arranged to control the MR system so as to carry out MR imaging in conformity with the 

1 0 SENSE method, for active RF control, for local pre-saturation, for parallel transmission and 
reception of signals and/or for feedback control of the RF homogeneity. 

9. An MR system as claimed in claim 1 , characterized in that the transmit/receive 
unit comprises n transmit channels which can be controlled independently of one another for 

1 5 the control of amplitude, phase and shape of the excitation pulses. 

10. A planar RF coil array for an RF coil system of an MR system as claimed in 
claim 1 which is to be arranged on opposite sides of the examination zone and is intended for 
transmitting and/or receiving RF signals by means of at least two RF coils which are 

20 decoupled from one another, each RF coil being connectable to a respective channel of a 
transmit/receive unit of the MR system and each RF coil being separately controllable in the 
transmission mode. 
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Fig. 3 
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